There is a growing awareness that children may experience hyperacusis, a condition that is often associated with behavioral and developmental disorders. This preliminary study was aimed to investigate the effects of hyperacusis alone on various components of speech and language in children without developmental disorders. This study was conducted on 109 children aged between 4 and 7 years attending kindergarten and primary school. Hyperacusis was assessed through behavioral observation of children and questionnaires for parents. Different components of speech and language were assessed through specific tests. Hyperacusis was diagnosed in fifteen children (13.8%); ten (66.7%) were attending primary school and five (33.3%) kindergarten. A significant difference between children with and without hyperacusis was found for tests evaluating the average number of words in a sentence and phonemic fluency; older children appeared to have more difficulties. Several differences in education profiles were found: parents of children with hyperacusis spent less time with their children compared to parents of children without hyperacusis. Our preliminary results suggest some difficulties in lexical access and the use of shorter sentences by children with hypersensitivity to sound; however, the small size of our sample and the largely unknown interactions between hyperacusis and developmental disorders suggest caution when interpreting these results. Further studies on larger samples are necessary to gain additional knowledge on the effects of hyperacusis on speech and language in children without developmental disorders.
INTRODUCTION
Hypersensitivity to sound (hyperacusis) is described as a reduced tolerance to sounds of average intensity, sometimes accompanied by painful sensitivity to ordinary environmental sounds, with perceptual, psychological and social dimensions 1 . The causes of hyperacusis are still debated 2 ; recent brain-imaging studies indicate hyper-excitability of specific areas of the brain as a common finding in these patients 3, 4 . Available evidence suggests that hyperacusis may follow functional changes within the central nervous system and may be related to increased gain in the central auditory pathways and to increased anxiety or emotional response to sound 5 . Hyperacusis has been reported in some systemic conditions and syndromes [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] , although most cases of hyperacusis have unknown cause 19, 20 .
Hyperacusis is often associated to hearing loss and tinnitus [21] [22] [23] [24] [25] [26] [27] [28] [29] . Peripheral deafferentation following sound deprivation has been indicated as a possible cause, similar to tinnitus 30, 31 ; according to this hypothesis, sound-deprived brain could amplify incoming sounds, offsetting the reduction in hearing ability on the one hand, and causing discomfort to the person affected on the other 27 . However, not all individuals with clinical hearing loss develop hypersensitivity to sound; recent literature has proposed a role for "hidden hearing loss" in subjects with apparent normal hearing thresholds and a reduced neural output from the cochlea [32] [33] [34] [35] . Hyperacusis may involve and be modulated by areas outside the classical auditory pathways following multisensory integration, as also described in tinnitus [36] [37] [38] .
There is a growing awareness that, although more prevalent during adulthood, children also experience hyperacusis, often in association with audiological and developmental disorders 17, 18, [39] [40] [41] [42] . Data about prevalence and characteristics of this condition during early age are fragmented; estimated prevalence ranges between 3.2% and 17.1% of the general pediatric population 40, 41, [43] [44] [45] . However, comparison studies of hyperacusis prevalence are difficult due to inadequacy and complexity of terminology and definitions. In a retrospective study on 112 children with troublesome tinnitus, Szibor reported hyperacusis in 9% of cases 39 . A recent study from Coelho et al looked at children aged 5-12 years, reporting that the highest number of hyperacusis children were aged 8 (4 out of 16) 41 . Widen and Erlandsson reported that 19.7% of late teenagers (16-19 years) and 14% of the early teenagers (13-15 years) were oversensitive to noise 44 . A study from Hall and colleagues found a prevalence of 3.7% in a much larger sample of 7097 11-year old children 40 . Some authors reported that females seem to be more affected than males 44 ; while others that hyperacusis is more common in boys 40 .
Hypersensitivity to sound may have significant effects on behavior: for some children, it can be extremely distressing and trigger avoidance behaviors that lead to isolation and affect social interactions and daily activities 46 with potential consequences on education, communication and learning [47] [48] [49] [50] . Hyperacusis is also associated to developmental disorders; higher prevalence has been reported in autism 17, [51] [52] [53] and Williams Syndrome 18, 54, 55 . The association between behavioral dysfunction, developmental disorders and language impairment has been reported consistently in the literature [55] [56] [57] ; however, to date, it is not known if hyperacusis alone can have specific effects on speech and language.
The aim of this preliminary study is to investigate if and to what extent hyperacusis alone may have an effect on components of speech and language in a sample of children without developmental disorders attending kindergarten or the first year of primary school, with special attention to their behavioral and educational profiles.
MATERIALS AND METHODS

Study sample
The study was conducted in 128 consecutive children aged between 4 and 7 years attending kindergarten or the first year of primary school in the State School of Ceccano (Fr), a small town near Rome, Italy, for a period of eleven months between April 2016 and February 2017. The town of Ceccano is in a rural area and is not characterized by specific environmental noise pollution caused by transport, industrial or recreational activities.
Exclusion criteria were sensorineural hearing loss, a history of language delay, a diagnosis of language impairment, a diagnosis or a suggestive anamnestic history of developmental disorders, including autism spectrum disorders (ASD), dyslexia and Attention-Deficit Hyperactivity Disorder (ADHD), a recent (< 4 weeks) episode of otitis media.
Following these criteria, 109 children (85.15%) were included in the study. Written informed consent was obtained from parents.
Investigation of hypersensitivity to sound and children profiling
Hypersensitivity to sound was investigated through the observation of children's reactions to selected sounds and with the use of a questionnaire administered to parents. The questionnaire was modified and translated into Italian from the one developed by Coelho et al 41, 58 . a) Observation: children were observed during their spare time while distracted in playful activities; specific sounds were presented at irregular intervals using a laptop computer connected to two external speakers (Fostex, USA) and children reactions were recorder. A child was considered positive if showed at least one reaction between those listed in Table 1. b) Questionnaire: a questionnaire was administered to parents. The questionnaire included four short and concise multiple-choice questions investigating the relationship that their children have with sounds (RS1-4). Each question had three possible answers: YES (4 points), DON'T KNOW (2 points) and NO (0 points). Compared to the original version of Coelho, our version of the questionnaire also included three questions investigating behavioral and educational profiles of the children (BP1-3) ( Table 2) . A child was considered positive if obtained a score equal or superior to 8 points for questions RS1-4.
Based on the results of observation and questionnaire, children were divided into two groups:
• Children without hyperacusis;
• Children with hyperacusis: scored positive in both observation and questionnaire. (1) cover ears with hands; (2) cries; (3) escapes from the sound source; (4) tries to avoid sound; (5) says "hurts ears"; (6) says "I don't like it"; (7) other negative reaction.
Evaluation of speech and language characteristics
Children were observed during their spare time while distracted in playful activities; specific sounds were presented at irregular intervals using a laptop computer when children were nearby, and reactions were recorder. A child was considered positive if showed at least one reaction between the ones listed in this table. Presented sounds were adapted from the ones used in Coelho's interview for children 41 . Table 1 . Observation: Children's reactions to sounds.
Relationship of your child with sounds RS1 Do you think that your child is too sensitive to every day's sounds? yes don't know no RS2
Is there any sound that your child dislikes? yes don't know no RS3
Is there any sound that your child considers painful? yes don't know no RS4
Is there any sound that scares your child? yes don't know no Behavioral and educational profile of your child BP1 Do you spend time with your child during the day? never rarely often BP2
Have you stimulated your child with different sound sources (TV, radio, etc.) from early age? never rarely often BP3 Does your child look hyperactive in noisy environments? never rarely often
The questionnaire includes four short and concise multiple-choice questions (RS1-4) investigating the relationship that their children have with sounds. Each question has three possible answers: YES (4 points), DON'T KNOW (2 points) and NO (0 points). The questionnaire also includes three questions investigating behavioral and educational profiles of the children (BP1-3). A child was considered positive if obtained a score equal or superior to 8 points for questions RS1-4. its standardization tables; children were defined as below average if they scored below the lowest 5th percentile; average, if between the 5th and 50th percentile; and above average if they exceeded the 50th percentile.
Statistical analysis
Chi-square test with 2 x 3 contingency tables was used to investigate the statistical significance of differences between the two groups of children in the three investigated variables (below average | average | above average). Fisher's exact test was used to compare results obtained in children in kindergarten compared to those in primary school; this test was preferred to standard chi-square because of the small size of the sample (n = 15). A p-value less than 0.05 was considered the cutoff for statistical significance.
RESULTS
Children characteristics and prevalence of hyperacusis
109 children were enrolled in the study; 40 attended kindergarten and 69 the first year of primary school. Based on observation and questionnaire, 94 children (86.2%) were included in the group of children without hyperacusis and 15 (13.8%) in the group of children with hyperacusis. Among children without hyperacusis, 38 children were males (40.4%) and 56 were females (59.6%); their mean age was 6.2 years (range: 4-7 years). In the group of children with hyperacusis, 12 were males (80%) and 3 were females (20%); mean age was 5.8 years (range: 4-7 years). Gender difference between groups was statistically significant (p < 0.05). Among children without hyperacusis, 59 (62.8%) were attending primary school and 35 (37.2%) kindergarten. Among children with hyperacusis, 10 (66.7%) were attending primary school and 5 (33.3%) kindergarten.
Behavioral and educational profiles
The analysis of the answers given by parents to questions about the behavioral and educational profiles of each child (questions BP1-3) revealed the following information:
• 28.7% (27/94) The data is summarized in Table 3 .
Analysis of components of speech and language
Components of speech and language were analyzed. A detailed profile was obtained for each child. Detailed results for each test are described below.
Mean Length of Utterance (MLU)
Results were within average in 92 children without hyperacusis (97.9%) and in nine children with hyperacusis (60%); no child scored above average; two children without hyperacusis (2.1%) and six children with hyperacusis (40%) scored below average. The results were statistically significant (p < 0.0001). When comparing the results of kindergarten children to those of primary school within the hyperacusis group, one kindergarten child (16.7%) and five primary school children (83.3%) obtained scores below average. In contrast, four children from kindergarten (44.4%) and five from primary school (55.6%) scored within average. This finding was not statistically significant (p = 0.58).
Metaphonological Skills (MS)
MS for syllabic and phonemic merger: results were within average in 90 children without hyperacusis (95.7%) and in 14 children in the hyperacusis group (93.3%); four nonhyperacusis children (4.3%) and one hyperacusis child (6.7%) scored below average. The results were not statistically significant (p = 0.32). In primary school, only three children resulted below average (4.3%), all of them were in the nonhyperacusis group; 66 children (95.7%) scored within average, including ten with hyperacusis (15.1%). In kindergarten, two children were below the average, one was in the hyperacusis group (50%); 38 children resulted within average, four with hyperacusis (10.5%) and 34 without (89.5%). The difference in the group of children with hyperacusis between primary school and kindergarten was not statistically significant (p = 0.33).
Children without hyperacusis Children with hyperacusis
Do not spend much time with children during the day 28.7% 73.3%
Have stimulated children with sounds from early age 68.1% 33.3%
Report hyperactivity in noise environments 10.6% 93.3%
Responses given by the parents to questions BP1-3 of the parents' questionnaire investigating behavioral and educational profiles children with and without hyperacusis. MS for syllabic and phonemic segmentation: 87 children without hyperacusis (92.6%) and 13 children with hyperacusis (86.7%) scored within average; no child resulted above average; seven children without hyperacusis (7.4%) and two children in the hyperacusis group (13.3%) were below average. These results were not statistically significant (p = 0.26).
MS for minimum couple of words: 92 children without hyperacusis (97.9%) and 14 children with hyperacusis (93.3%) were within average; no child scored above average; two children without hyperacusis (13.2%) and one with hyperacusis (6.7%), attending kindergarten, had below average results. The results were not statistically significant (p = 0.21). 69 primary school children (100%) were within average, including ten with hyperacusis (14.4%). Three kindergarten children were below average, one with hyperacusis (33.3%) and two without (66.7%); 37 children were within average, including four with hyperacusis (10.8%). The difference among kindergarten and primary school hyperacusis children was not statistically significant (p = 0.33).
MS for minimum of couples (not words):
The results for this test were within average in 91 children among those without hyperacusis (96.8%) and in 15 children in the hyperacusis group (100%). No child scored above average. Three children without hyperacusis (3.2%) scored below average and all were in primary school. Results were not statistically significant. 69 children in primary school (100%) were within average, 10 of them were in the hyperacusis group (14.5%). 34 children in kindergarten were normal, four were in the hyperacusis group (11.8%); six children were below average, one of them had hyperacusis (16.7%). The difference in the group of children with hyperacusis between primary school and kindergarten was not statistically significant (p = 0.48).
Phonemic Fluency Test of the Neuropsychological Assessment Battery for Developmental Age (PFT)
The results of this test were within average in 56 children without hyperacusis (59.6%) and five children with hyperacusis (33.3%); 21 children without hyperacusis (22.3%) and one child with hyperacusis (6.7%) scored above average. 17 children without hyperacusis (18.1%) and nine children with hyperacusis (60%) had below average results. The results were statistically significant (p = 0.005).
Lexical Phonological Test for Comprehension (LPT-C)
Seven children without hyperacusis (7.4%) and one with hyperacusis (6.7%) were within average; 87 children without hyperacusis (92.5%) and 14 with hyperacusis (93.3%) scored above average; no children scored below average. The results were not statistically significant (p = 0.36).
Lexical Phonological Test for Speech Production (LPT-SP)
The LPT test for speech production resulted within average in 12 children without hyperacusis (12.8%) and in two with hyperacusis (13.3%); above average in 82 children without hyperacusis (87.2%) and in 13 children with hyperacusis (86.7%); no children scored below average. These results were not statistically significant (p = 0.42).
Morphosyntactic Comprehension Test (MCT)
63 children without hyperacusis (67%) and nine with hyperacusis (60%) scored within average in the MCT test; four children without hyperacusis (4.3%) and one with hyperacusis (6.7%) were above average; 27 children without hyperacusis (28.7%) and five children with hyperacusis (33.3%), four of which attending kindergarten and one primary school, were below average. The results were not statistically significant (p = 0.83).
DISCUSSION
Differences in components of speech and language between children with and without hyperacusis
The preliminary results of our study show a statistically significant difference between children with and without hyperacusis for the MLU, a test that evaluates the average number of morphemes (i.e. the smallest units of meaning) in a sentence, and the PFT, part of a comprehensive battery of neuropsychological tests developed for the assessment of cognitive skills and functions in children aged 5-11 years ( Figure 1) ; no significant differences were found in the other tests (Figure 2) . Our results suggest that, although it does not appear to be a significant general correlation between language impairment and hypersensitivity to sound, there may be a specific difficulty in lexical access and the use of shorter sentences by children with hyperacusis. Older children had the greatest difficulties, suggesting a possible progressive evolution of the problem with age. Future research studies could evaluate whether children with specific alterations at tests for lexical access and length of sentences, such as the MLU and PFT, have a higher prevalence of hyperacusis compared to the general population of similar age.
Prevalence of hyperacusis in our sample and criteria for patient selection
Our study identified 15 children with hypersensitiity to sound in a sample of 109 subjects (13.8%). To date, there are only a few studies that focused on the prevalence of hyperacusis in children; a recent systematic review by Rosing et al included three studies and reported a prevalence ranging between 3.2% to 17.1% 64 . All were performed in school settings and limited to small geographical burdens; however, the methodological diversity among them does not allow a direct comparison of their results: one used questionnaires and otoscopy, audiometry and Loudness Discomfort Level (LDL), reporting generic intolerance to sounds in 9% of the sample 41 , the other two used only questionnaires 44, 45 . The prevalence of hypersensitivity to sound found in the present study is slightly higher than that previously reported for children attending kindergarten and primary school; this could be attributed to different methodologies for assessing hyperacusis due to considerable fragmentation in its definition, diagnosis and assessment.
The criteria used for determining the presence of hyperacusis in the present study require further discussion. Firstly, our questionnaire was adapted from the one proposed by Coelho; however, Coelho also relied on LDL and on a specific questionnaire administered to children to identify hyperacusis. Secondly, in the present study the terms "hyperacusis" and "hypersensitivity to sound" were referred to an adverse reaction and a reduced tolerance to ordinary sounds; a child was included in the hyperacusis group if scored positively to both behavioral observation and questionnaire administration, without differentiating between hyperacusis, hypersensitivity to sound, phonophobia and misophonia. Hall defined children with hyperacusis those that presented an "oversensitivity or distress to particular everyday sounds rather than to loud sounds"
40
. Coehlo defined hyperacusis as "lowered loudness discomfort levels with an abnormal annoyance to sounds"
41
. Such differences in patient selection criteria should be considered when comparing this to other studies.
Behavioral and educational profiles
Interesting data emerged from the parents' answers to our questionnaire and, especially, to the questions about the behavioral and educational profile of their children; their responses showed some differences between the two groups. Parents of children without hyperacusis spent more time with their children during the day and stimulated them with different sound sources (TV, radio, etc.) from early age. When describing the relationship of their children with noise, parents of children without hyperacusis stated that their children were calm even in chaotic and noisy environments, while parents of children in the hyperacusis group reported a hyperactive behavior, a condition that is often associated to attention problems and difficulty in concentration. Concentration difficulties and the lack of attention in noisy environments could negatively affect learning ability of these children and may have an impact on speech and language. These preliminary observations may indicate a specific profile of the hyperacusis child, which has symptoms related to poor behavioral, educational and acoustic stimulation from parents that, in speech therapy, are gaining importance for the understanding of language disorders. These findings could also confirm the role of multi-sensory stimulation of children from birth and highlight the importance of this aspect during the assessment of children with language development disorders.
Limits of our study
Our study presents several limits. Hyperacusis is an extremely complex and still largely unknown phenomenon that is strictly correlated to behavioral and developmental disorders; although these conditions were anamnestically excluded when enrolling children, subclinical and undiagnosed cases cannot be ruled out and may have biased our results. Similarly, sensory over-responsivity (SOR) has not being investigated in the present study. SOR is a condition characterized by exaggerated behavioral responses towards sensory experiences; children with SOR may be easily irritated and distracted by different sensory stimuli and may present high distress levels 65 . This is the first study to focus on speech and language characteristics in children with hyperacusis in the absence of developmental disorders; the small sample and the lack of other contributions in the literature invite to caution when interpreting and discussing our results that, although may represent an interesting starting point, require further confirmation by studies on larger samples.
The questionnaire used in the present study to assess hypersensitivity to sound has been modified and translated into Italian from the one proposed by Coelho in 2007. The questionnaire has not been validated yet as this is the second paper in which it has been used and the first in Italy. Future studies will contribute to validation.
Similar to the work of Hall, the methodology used in our study does not allow differentiation between hyperacusis and phonophobia. This may be important for epidemiologic studies but is less relevant for the aim of this study.
Last, hearing function and LDL have not been investigated. Although recent otitis media and a positive history for sensorineural hearing loss were exclusion criteria, we could not confirm the absence of these conditions while testing children. LDL is also controversial: Gu and colleagues 66 evaluated tinnitus and hyperacusis patients and reported a correlation between sound-evoked functional magnetic resonance imaging in the central auditory pathway and LDL scores. On the contrary, Meeus 67 reported no differences in the LDL scores between patients with and without hyperacusis, and no correlations between the LDL and hyperacusis questionnaire scores, suggesting incongruences between audiometric measurements and hyperacusis complaints as noted by Sammeth in 2000 68 . These aspects should be taken into consideration in future research.
CONCLUSION
This preliminary study aimed to investigate if hyperacusis alone could have an effect on components of speech and language in children without developmental disorders; our preliminary findings suggest that children with hyperacusis may present specific difficulty in lexical access and often use shorter sentences. Older children appear to have the greatest difficulties; this could suggest a progressive evolution of the problem with age in which prevention could play a role. More studies on larger samples are necessary to further evaluate the role of hypersensitivity to sound on speech and language in children.
